Reddish sediment runoff from agricultural fields results in coastal environmental problems in Okinawa, Japan. Recent studies have demonstrated the effectiveness of strips of centipede grass (Eremochloa ophiuroides (Munro) Hack.), a perennial turf grass, in reducing the sediment loads from farmlands. However, sufficient information has not been provided to determine the appropriate strip specifications in the grass strip design. This study evaluated centipede grass strips for reduction of reddish sediment runoff from farmlands in Okinawa, Japan. A numerical model simulating the reddish sediment transport in the grass strip was constructed to determine the sediment removal efficiency of the strip. The model was verified using data obtained from field plot experiments with the grass strips under natural conditions. The sensitivity analysis of the model showed that the length of the grass strip (i.e. the dimension of the strip in the direction of flow) and unit inflow discharge have a great effect on sediment removal efficiency.
INTRODUCTION
The runoff of reddish fine sediment from agricultural fields causes coastal environmental problems in Okinawa, Japan.
The sediment delivered to the coastal areas causes water pollution, sedimentation, and degrades the coastal ecosystems and fishery resources. Immediate actions to solve this issue is required.
Several conservation practices have been proposed to reduce the sediment runoff from agricultural fields. One of these practices is grass strips that are bands of grass located at the down-slope ends of agricultural fields. The strips reduce runoff of non-point source pollutants from the fields into the streams (Dillaha et al. 1989) . Field plot studies in Okinawa demonstrated the effectiveness of grass strips in reducing reddish sediment loads under specific conditions (Sugawara et al. 2001; Osawa et al. 2005) . Moreover, Shiono et al. (2007a,b) have shown that strips of centipede grass (Eremochloa ophiuroides (Munro) Hack.), a perennial turf grass, are a low-cost and laborsaving practice for reducing reddish sediment loads. However, sufficient information has not been provided to determine the appropriate strip specifications in grass strip design. Moreover, the design requires a tool to evaluate grass strip performance under a variety of conditions. The objective of this study was to construct a numerical model simulating sediment transport in a centipede grass strip and to evaluate the grass strips for reduction of reddish sediment loads under typical farmland conditions in Okinawa. doi: 10.2166/wst.2008.908 
MATERIALS AND METHOD

Model construction
A numerical model simulating surface flow and sediment transport in and around a centipede grass strip under typical farmland conditions in Okinawa was constructed. Figure 1 shows the outline of the surface flow and the sediment transport in and around the grass strip. The model assumed that the surface inflow changed gradually and that infiltration rate in and around the grass strip zone was negligibly small compared to the surface flow rate (Shiono et al. 2007a) . The model was based on the energy equation for steady non-uniform flow given in Equation (1) and the continuity equation for sediment given in Equation (2).
Similar models were proposed and tested with flume experimental data (Shiono et al. 2006; Hussein et al. 2007) .
where z is bed level, x is distance from the lower end of the grass strip, h is flow depth, u is flow velocity, g is gravity acceleration, n is Manning's roughness coefficient, K s is the vegetation permeability coefficient, l is porosity of deposited sediment, q bi is bed load transport rate per unit width of sediment in an ith size class, q sui is pick-up rate of suspended load per unit area of sediment in an ith size class, w oi is settling velocity of sediment in an ith size class, C i is sediment load concentration in an ith size class. q bi is calculated by the Meyer-Peter Mü ller formula. q sui in field zone is calculated by the formula proposed by Itakura & Kishi (1980) . Meanwhile, q sui in the grass strip zone was assumed to be zero based on our flume experimental results. 
Model verification
The model was verified by data obtained from centipede grass strip experiments (Shiono et al. 2005 (Shiono et al. , 2007a . The experiments were conducted at the Arashiyama field site in Nago on the northern part of Okinawa main island 
Model analysis
We conducted 480 model simulations to evaluate the grass strips for reduction of reddish sediment loads under typical field conditions in Okinawa. Table 2 shows the values of factors used for the simulation. Sixty minutes of inflow including the sediment load into the strip was set in the simulation. We calculated the sediment concentration of outflow from the strip for each instance of time. Then, sediment removal efficiency for each simulation was obtained. The sediment removal efficiency E (%) was defined as:
where SY in is the total sediment yield based on the inflow into the strip and SY out is total sediment yield based on the outflow.
A sensitivity analysis was performed to gain insight into the dependence of the model outputs on model parameters. The values shown in Table 2 
RESULTS AND DISCUSSION
Validity of model
The comparisons showed that the agreements were good between the calculated values and the measurements for the two types of data. 
Important parameters
The sensitivity analysis determined the relative importance of parameters for evaluation of grass strips. 
